1. Introduction
===============

Pharmaceutical research of traditional Chinese medicines on cancer prevention and treatment has attracted much attention. There are a number of herbs that have shown to have the abilities to induce cell cycle arrest and to play an important role in cancer prevention. Genistein, daidzein and isoflavonoids in soybean are thought to play an important role in breast cancer prevention [@B1]. In addition, genistein is found to induce G2/M cell cycle arrest in MCF-7 cells [@B2]. Whereas anti-carcinogenic compounds like lunasin and lectins in soybean were shown to induce apoptosis in malignant cells [@B3]. *Schisandra chinensis* is shown to reduce prostate cancer cell growth and induce apoptosis by inhibiting androgen receptor expression [@B4]. *Panax ginseng*and *Ziziphus jujube* are found to induce cytokine release in macrophages [@B5]. Moreover, soluble β-glucans from *Saccharomyces cerevisiae* could activate macrophage to secrete TNF-α [@B6], which is found to have a pro-apoptotic effect on human cancer cells [@B7].

CKBM is a product that contains the water extracts of wu wei zi (*Schisandra chinensis*), ginseng (*Panax ginseng*), hawthorn (*Fructus Crataegi*), jujube (*Ziziphus jujube*), soybean (*Glycine Max*) and Baker\'s yeast (*Saccharomyces cerevisiae*) which is processed by a proprietary technology developed by CK Life Sciences Int\'l Inc., Hong Kong, China (CKLS). CKBM had previously been found to significantly enhance the secretion of IL-6, IL-8 and TNF-α in human peripheral blood mononuclear cells [@B8]. In addition, it can increase the activities of natural killer cells and the phagocytic index of macrophage [@B9]. The anti-tumor effect of CKBM was demonstrated in nude mice xenograft model with gastric cancer cells [@B10], in which CKBM showed a dose-dependent inhibition of tumor growth with significant tumor volume reduction in the treatment group. In the present study, tumor suppressive and pro-apoptotic effect of CKBM is further investigated in AGS, a gastric cancer cell line. CKBM is found to inhibit cell proliferation through the induction of apoptosis and G2/M cell cycle arrest. To further elucidate the mechanism of CKBM on apoptosis and G2/M cell cycle arrest, we studied the cellular protein expression profile of human gastric cancer cell line (AGS) before and after CKBM treatment using Western blot analysis.

2. Materials and Methods
========================

Cell culture
------------

Human gastric cancer cell line (AGS) was obtained from American Type Culture Collection (Rockville, MD, USA). Cells were cultured in F12K medium (Invitrogen Life Technologies, Inc., CA, USA) supplemented with 10 % v/v fetal bovine serum (FBS) and 1 % Penicillin/Streptomycin (Invitrogen Life Technologies, Inc., CA, USA) at 5 % CO~2,~ 37 ℃.

Cell proliferation assay (BrdU)
-------------------------------

Cells were seeded in a 96-well flat bottom plate at a density of 1 x 10^4^cells/well. After 24 hr, 20 μl of CKBM (Batch no. 0212191) at a final concentration of 2, 4, 6, 8, 10, 12, 14, 16 or 18 % v/v was added and incubated for either 24 or 48 hr at 5 % CO~2,~37 ℃. Cell proliferation was assayed using BrdU (5-bromo-2\'-deoxyuridine) kit purchased from Amersham (Uppsala, Sweden) and it was performed according to the kit manual.

Analysis of cell cycle progression
----------------------------------

Cells were seeded in a 25 cm^2^ flask at a density of 1 x 10^6^cells/ flask . After 24 hr, at a final concentration of 0, 5 or 10 % v/v of CKBM was added to the respective flask and incubated for 24, 48 or 72 hr. Cells were trypsinized, harvested, and fixed in 1 ml 80 % cold ethanol in test tubes and incubated at 4 ℃ for 15 min. After incubation, cells were centrifuged at 1,500 rpm for 5 min and the cell pellets were resuspended in 500 μl propidium iodine (10 μg/ml) containing 300μg/ml RNase (Sigma, MO, USA). Then cells were incubated on ice for 30 min and filtered with 53 μm nylon mesh. Cell cycle distribution was calculated from 10,000 cells with ModFit LT^TM^ software (Becton Dickinson, CA, USA) using FACScaliber (Becton Dickinson, CA, USA).

Apoptotic analysis with Annexin V Staining
------------------------------------------

AGS cells were seeded in a 6-well plate at a density of 1.2 x 10^6^cells/well. After 2, 4 or 6 hr of CKBM treatment at a concentration of 5, 10 or 15 % v/v, cells were trypsinized. Then cells were washed twice with cold PBS and 1 x 10^6^ cells were resuspended in 500 ml 1 X binding buffer. A hundred microliter of cell suspension was transferred to a 5 ml culture tube and incubated with 10 μl of Annexin V antibodies and 10 μl of propidium iodine (10 μg/ml) containing 300 μg/ml RNase (Sigma, MO, USA). Gently vortex the cells and incubate for 15 min at RT in the dark. Four hundred microliter of 1X binding buffer was added to each tube and the cells were analyzed with flow cytometry within 1 hr.

Western blot analysis
---------------------

Cells were seeded in a 150 mm Petri dish at a density of 1 x 10^5^ cells/ml . After 24 hr, a final concentration of 0, 0.25, 0.5, 1, 2.5, 5 or 10 % v/v of CKBM was added and incubated for 48 hr. The cells were then trypsinized and washed twice with PBS and lysed with lysis buffer (50 mM Tris-HCl, pH 7.5, 250 mM NaCl, 5 mM EDTA, pH 8.0, 0.2 % Triton X-100 and add 10 μl protease inhibitor cocktail per 1 ml cell lysate at a cell density of 10^8^ cells/ml) at 4 ºC. Lysates in sample buffer (2 % SDS, 10 % glycerol, 80 mM Tris-HCl (pH 6.8), 720 mM 2-mercaptoethanol and 0.001 % bromophenol blue) were denatured at 95 ºC for 5 min. Total cellular proteins (20-100 μg) were subjected to SDS-polyacrylamide gel electrophoresis (PAGE) and the proteins were transferred to Hybond-P PVDF membrane (Amersham, Buckinghamshire, England). The membranes were blocked with 5 % non-fat dried milk in 1 X PBS/1 % Tween 20 at 4 ºC overnight and incubated with primary antibodies (anti-p21, anti-14-3-3σ and anti-p53 at 1:5000 in TBST; anti-actin at 1:10000 in TBST) (Santa Cruz Biotechnology Inc., CA, USA) at room temperature for 2 hours followed by incubation of horseradish peroxidase-conjugated rabbit anti-mouse IgG (1:25000 in TBST) (Santa Cruz Biotechnology Inc., CA, USA) at room temperature for 2 hours . Reactive protein bands were visualized using ECL Plus Western blotting detection reagents (Amersham, Uppsala, Sweden) and the bands intensities were scanned and quantified using a densitometer.

3. Results
==========

We examined the effect of CKBM on the proliferation of AGS using BrdU cell proliferation assay. The dosage of CKBM ranged from 2 to 18 %. CKBM inhibited cell proliferation in a dose-dependent manner (Fig. [1](#F1){ref-type="fig"}), the higher the CKBM dosage, the higher the degree of inhibition. The IC~50~ value for AGS was found to be approximately 6 % and proliferation was suppressed at 10 % or higher (Fig. [1](#F1){ref-type="fig"}). AGS cells underwent morphological changes from a polygonal appearance to an elongated shape after CKBM treatment (5 and 10 %) (Fig. [2](#F2){ref-type="fig"}).

The effect of CKBM on cell cycle was evaluated using flow cytometric analysis. We observed a dose-dependent but time-independent effect of CKBM on the cell cycle. After 72 hr of 5 % CKBM treatment, cells in the G2/M population increased from 11.6 % to 20.6 % compared to control whereas cells with 15 % CKBM treatment, the G2/M population increased to 50.5 % The increase of cell population at the G2/M phase was accompanied by a decrease of cell population in the G1 phase of the cell cycle (Fig. [3](#F3){ref-type="fig"}). The effect of CKBM on AGS cells appears to be dose-dependent, the higher the dosage the greater the G2/M population increases. This dose-dependent effect was also demonstrated at the three dosages that we had examined however the length of CKBM treatment did not further contribute to the G2/M population increase (Fig. [3](#F3){ref-type="fig"}).

Apoptotic effect of CKBM was evaluated with Annexin V staining and a dose-dependent relationship was found (Fig. [4](#F4){ref-type="fig"}). After 2 hr of 0, 5, 10 or 15 % CKBM incubation, the apoptotic population increased from 2.8 % in the control group compared to 16.5 % in the 15 % treatment group. The dose-dependent effect was also observed in the 4 and 6 hr CKBM treatment groups, however, the apoptotic population decreased with 15 % treatment because the cells in the late stage of apoptosis were indistinguishable from the necrotic population. The increase in the apoptotic population is in concomitant with the increase in the pre-phase population that was observed in the cell cycle analysis (Fig. [3](#F3){ref-type="fig"}).

In CKBM treated AGS cancer cells, p21, p53 and 14-3-3σ all showed an increase in protein expressions in a dose-dependent manner and the changes were more significant for p21 and 14-3-3s (Fig. [5](#F5){ref-type="fig"}). Protein concentration in each lane was normalized with actin before the comparisons amongst the proteins were made. The protein expression of p53, p21 and 14-3-3σ were enhanced with 5, 14 and 3 fold increase respectively at 10 % CKBM treatment (Table [1](#T1){ref-type="table"}). The increase in the protein expressions of these proteins correlated well with the BrdU cell proliferation assay, in which we found the cell proliferation of AGS cancer cells decreased.

4. Disscussion
==============

Cell cycle checkpoints are important control mechanisms that ensure the proper execution of cell cycle events. One of the checkpoints, the G2/M checkpoint blocks the entry into mitosis when DNA is damaged [@B11]. p53 can regulate the G2/M transition either through the induction of p21 and 14-3-3σ, a protein that normally sequesters cyclin B1-Cdc2 complexes in the cytoplasm [@B12], [@B13] or through the induction of apoptosis [@B14], [@B15]. The p53 protein can also activate the transcription of a variety of apoptosis-associate d genes, and to program cell death in response to genotoxic stresses [@B16], [@B17]. 14-3-3σ (stratifin), p21, and Gadd45 are three major transcriptional targets of p53 that can simultaneously inhibit Cdc2, which is essential for the entry into mitosis [@B11], [@B18].

In this study, we demonstrated that CKBM is able to inhibit cell proliferation in human gastric cancer cell line, AGS. The data from a subcutaneous implantation model of gastric cancer tissue was also agreeable to our observation in which anti-tumor effect was demonstrated showing a significant decrease in tumor volume [@B10]. The mechanism for the inhibition was further investigated with cell cycle analysis, apoptotic study and Western blot analysis. The results showed that CKBM is able to induce a G2/M cell cycle arrest and a dose-dependent apoptotic effect in AGS cells. Using Western blot analysis, it was revealed that the expressions of p21, p53 and 14-3-3σ proteins in AGS are enhanced after CKBM treatment. It is well known that these three proteins play an important role in cell cycle regulation. p21 is an inhibitor of cyclin/cyclin-dependent kinase complexes, and it interacts with other regulators of signal transduction [@B19]. Its induction is mediated by both p53 and p53-independent mechanisms and is essential for the onset of both G1 and G2 cell cycle arrest in damage response and cell senescence [@B19]. The 14-3-3 proteins belong to a family of highly conserved proteins (alpha, beta, delta, sigma, tau, zeta etc.) with molecular weight of 25- to 30-kDa. They are expressed in all eukaryotic cells and modulate a wide variety of cellular processes [@B20]. They play a critical role in the regulation of signal transduction pathways associated with the control of cell proliferation, differentiation, and survival [@B21]. This family of proteins is known to interact directly or indirectly with signaling proteins such as the insulin-like growth factor I receptor, Raf, MEK kinases, PI3-kinase. However, the exact mechanism by which they activate or inhibit these elements remains unclear [@B21]. It had been shown that 14-3-3σ is a p53-dependent inhibitor of G2/M progression, and that its over-expression can cause G2/M cell cycle arrest [@B11]. Furthermore, it is able to up-regulate Cdc2 phosphorylation via Wee1 and down-regulate Cdc25c thus controlling the entry of cells into mitosis by maintaining the G2/M checkpoint [@B22]. Other researchers had also found that over-expression of 14-3-3σ in breast cancer cell lines was able to inhibit cell proliferation and prevent anchorage-independent growth [@B23]. These results have le d them to speculate that 14-3-3σ might be a potential candidate as tumor suppressor [@B23]. In addition, previously study showed that proteolysis of 14-3-3σ by Efp promotes breast tumor growth and suggested that 14-3-3σ protein might play an important role in regulating tumor growth [@B24].

5. Conclusion
=============

In this study, we demonstrated that CKBM inhibits cell proliferation through the induction of G2/M cell cycle arrest and dose-dependent apoptotic effect. From the results, we speculate that the induction of G2/M arrest and apoptosis may be partly due to the increase of the p21, p53 and 14-3-3σ protein expressions evidenced by the Western blot analysis. Whether other proteins are also involved in the induction of G2/M cell cycle arrest and inhibition in cell proliferation still need further studies. In summary, we have used flow cytometry and Western blot analysis to examine the effect of CKBM on AGS cell cycle regulation. The results indicate that the increase in p21, p53, and 14-3-3s after treatment of CKBM may contribute to the G2/M cell cycle arrest and the induction of apoptosis in human AGS cancer cell line.
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![The effect of CKBM on cell proliferation. Data points represent the mean of 4 replicates. Percentage of proliferation was calculated by (Abs ~cells~ -- Abs ~background~) ~treated~/(Abs ~cells~ -- Abs ~background~) ~control~ X 100](ijmsv02p0064g01){#F1}

![Morphological changes of AGS cancer cells treated for 48 hr with the indicated CKBM concentration.](ijmsv02p0064g02){#F2}

![Analysis of cell cycle progression. AGS cancer cells were untreated or treated with CKBM. Cells were harvested after 24, 48 or 72 hr then they were fixed, stained and analyzed for DNA content. The distribution and percentage of cells in pre-phase, G1, S and G2/M phase of the cell cycle are indicated.](ijmsv02p0064g03){#F3}

![AGS cells stained with anti-Annexin V. The percentage of apoptotic cells is indicated.](ijmsv02p0064g04){#F4}

![Western blot analysis on the effect of CKBM on the protein expression of p21, p53 and 14-3-3σ. Actin was used as the internal control.](ijmsv02p0064g05){#F5}

###### 

The Ratio of p53, p21 and 14-3-3s protein expression between the control and the CKBM-treated AGS cells after actin normalization.

  Protein \\ \[CKBM\]%   0.25   0.5   1     2.5   5     10
  ---------------------- ------ ----- ----- ----- ----- ------
  **p53**                2.7    2.9   4.0   4.7   5.0   5.0
  **p21**                0.8    2.5   3.0   3.4   5.0   14.3
  **14-3-3**             1.0    1.5   1.2   2.0   2.4   3.3
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